INTRODUCTION
Polyvinyl chloride (PVC) is one of the main base industrial polymers, which is due to its wide application potential and low cost. PVC is almost 57% chlorinea cheap resource with practically unlimited reserves worldwide.
Besides its many valuable service properties, PVC has a number of shortcomings. The presence in its structure of C-Cl bonds, which provide many valuable properties of PVC, is the main cause of its limited solubility in organic solvents, its high melt viscosity, and its comparatively low thermal stability at the temperatures necessary for its industrial processing. Furthermore, the temperature range of transition of PVC into the fl uid state exceeds its breakdown temperature. Therefore, the processability of PVC is ensured primarily by introducing stabilisers to raise its heat resistance and plasticisers to lower its fl ow temperature [1] .
The most effective stabilisers of PVC (based on compounds of lead, cadmium, and barium) belong to hazard classes 1 and 2 [2] . The present strict requirements concerning the safety of the ingredients of PVC composites make it necessary to search for new types of stabiliser that do not contain toxic components. However, new stabilisers developed are 100-300% more expensive than the traditional stabilisers, and their use raises the cost of the end-material by 100% or more [3] .
Traditional phthalate plasticisers are considered to be harmless [4, 5] , but international ecological organisations are constantly claiming that they are unsafe [6] . A possible reason for this is the ability of plasticisers to migrate from the composite during the service of products, bringing toxic stabilisers with them. Furthermore, the introduction of stabilisers inevitably lowers the heat resistance of the end-material, and therefore the temperature of deformation even of rigid plastics based on PVC does not exceed 80°C.
The necessary properties of the material (as a result of combining different chemical structures) can be ensured not only by mechanical means (mixing of the ingredients of the composite) but also chemically, in particular by the copolymerisation of the main polymer with small amounts of modifying comonomer.
A promising way to enhance the processability of PVC is to copolymerise vinyl chloride with monomers containing suffi ciently bulky substituents and groups capable of effectively capturing released hydrogen chloride (an autocatalyst of breakdown) and preventing oxidation processes. The use of vinyl ethers as comonomers of this kind is well known [7] [8] [9] .
The aim of the present work is to investigate the thermooxidative stability of copolymers based on vinyl chloride 
EXPERIMENTAL
Acetone and DMSO were purifi ed by the procedure described in reference [10] . The VC was a commercial product of "Usol'ekhimprom" OJSC (purity 99.9%). DAA was recrystallised from saturated solution in ethyl alcohol. The VPOs were produced by the procedure used in reference [9] .
Copolymerisation was carried out in acetone and DMSO solution at 70°C in glass ampoules that had been repeatedly frozen and evacuated. DAA (concentration 1.0 wt%) was used as the initiator. Copolymers in suspension were obtained by the procedure described in reference [11] . The copolymers were double reprecipitated from acetone to methanol, isolated, and dried in vacuum at 35°C to constant weight.
The composition of the copolymers was determined from data of elemental analysis (the chlorine content) and functional analysis (the content of epoxy groups), and also using data of 13 C NMR spectroscopy. 13 C NMR spectra of the copolymers were recorded on a Varian VXR-500S spectrometer (working frequency 125.5 MHz) with noise isolation from protons and with a relaxation delay of 2.5 s. The pulse was 90°. The solvents were DMSO-d 6 and acetone-d 6 . Chromium tris-acetyl acetonate (0.02 mol/L) was used as the relaxant. The relative viscosity was determined in cyclohexanone at 25 °C, and conversion to intrinsic viscosity was done by the method used in reference [12] . The copolymerisation constants were calculated according to Tidwell and Mortimer [13] , and the microstructural parameters of the copolymers were determined using the copolymerisation constants.
Thermogravimetric analysis of the polymers was carried out on a MOM derivatograph (MOM, Hungary). The specimens weighed 50-200 mg, the heating rate was 5°C/min, and the DTG sensitivity was 1/10.
RESULTS AND DISCUSSION
The heat resistance of the copolymers (the ability of the materials to retain their composition and structure at elevated temperature) was studied by means of thermogravimetric analysis. The criterion of heat resistance was the temperature of initial breakdown of the specimen corresponding to a weight loss of 1%.
An analysis of the results of thermogravimetry (Figure 1) indicates that the heat resistance of the copolymers increases with increase in the proportion of VPO in their composition. This is due to the "internal" stabilisation effect as a result of increase in the content of epoxy groups in the macromolecules of the copolymers. At the same time, the breakdown temperature of VC-VPO-BVE ternary copolymers is higher than that of binary copolymers with an equal or even a lower VPO content. Because BVE contains no stabilising groups, to explain the cause of the higher heat resistance of ternary copolymers, we studied the thermo-oxidative degradation of VC-BVE [11] .
In spite of the fact that BVE contains no functional groups that might bind the hydrogen chloride that is released during degradation, which catalyses further breakdown of the chlorine-containing polymer, the heat resistance of VC-BVE copolymers exceeds that of the initial PVC by 20-25°C (Figure 2) .
The initial stage of degradation of PVC and of copolymers of VC is an autocatalytic process of hydrogen chloride elimination, the rate of this process being proportional to the length of the VC blocks in the copolymer [14] . Therefore, increase in the number of BVE units (and, consequently, reduction in the length of the VC blocks) hinders the process of hydrogen chloride elimination in the copolymer. The rate of the initial stage of degradation of polyvinyl ethers is proportional to their molecular weight [15] . Consequently, the formation of copolymer molecules from single units of BVE and short VC blocks impedes the start of degradation, which results in a shift in the TGA curves towards higher temperatures. With reduction in the lengths of the VC sequences in the copolymers, the initial breakdown temperatures increase (Figure 1) .
On the basis of the DTA curves of VC-BVE copolymers and industrial homopolymers of VC and BVE (Figure 2) , the process of thermo-oxidative degradation can be divided into three stages that proceed in the temperature ranges 160-210°C, 220-310°C, and 330-500°C.
Endothermic minima on the DTA curves correspond to the fi rst stage, which, in comparison with the TGA curves, indicates the presence of degradative processes with weight loss. A comparison of the thermograms of copolymers and homopolymers of VC and BVE indicates that the breakdown curves of the copolymers at this stage are similar to the thermogram of PVC, which in this temperature range also has an endothermic peak corresponding to dehydrochlorination processes. However, for copolymers this peak is less pronounced, which is due to slowing down of dehydrochlorination processes.
On the DTA curve of polybutyl vinyl ether in this range there is a small exothermic maximum that, as shown earlier, corresponds to processes of rupture of the main chains of the macromolecules [16, 17] with subsequent oxidation of the newly formed terminal units to aldehyde groups.
Thus, at the fi rst stage of thermo-oxidative degradation it is mainly dehydrochlorination of the copolymers that occurs, with no rupture of the macrochains, as the copolymers contain no blocks of BVE units.
The second stage of degradation of the copolymers is characterised by endothermic peaks. Their small magnitude indicates a lower intensity of breakdown by comparison with the fi rst stage. For PBVE this peak is pronounced and higher than the peaks of the fi rst stage of breakdown. On the DTA curve of PVC there are no minima in this region.
The degradative processes in the copolymers in this temperature range are due to splitting out of side butoxyl groups in the ether units of the copolymers by the following scheme:
with the subsequent formation of intermolecular bonds by the opening of the double bonds formed [18, 17] .
It must be noted that the amount of BVE entering the composition of the copolymers affects their degradation at the initial stages. With increase in the BVE content, the DTA curves of the copolymers and homopolymer of BVE are similar in nature -in the temperature range 160-210°C the intensity of maximum dehydrochlorination of the copolymers decreases. At the second stage, with increase in the proportion of BVE in the copolymer there is an increase in the intensity of the peak characterising degradation of the ether component.
The third stage of degradation of copolymers of VC and BVE is characterised by the exothermic maxima on the DTA curves, the magnitude of which indicates intense thermo-oxidative breakdown of carbonised polyene residue. As the form of the maxima of the copolymers is similar to the form of the peak of the VC homopolymer, it can be assumed that, on degradation of copolymers at the fi nal stage, breakdown of the main polymer chain occurs.
Thus, increase in the heat resistance of VC-BVE copolymers is due mainly to change in the structure of the macromolecules ("structural" stabilisation).
Curves of differential thermal analysis of binary VC-VPO copolymers and VC-VPO-BVE terpolymers (Figure 1 ) are similar to the DTA curves of VC-BVE copolymers. It can be seen that the dehydrochlorination processes characteristic of the breakdown of PVC, and also the processes of rupture of the main polymer chains that are characteristic of polyvinyl ethers, practically degenerate for these copolymers.
Evidence of the effect of structural stabilisation is also provided by the difference in the heat stability of binary and ternary copolymers of VC, VPO, and BVE ( Table 1) . The heat stability of polymers was assessed from the time before the start of release of hydrogen chloride at 180°C (in the presence of Congo Red indicator).
The heat stability is higher for terpolymers with a similar VPO content to binary copolymers. As BVE contains no heat-stabilising groups, the given increase in heat stability can be attributed only to the effect of structural stabilisation.
The heat resistance of VC-VPO 2 and VC-VPO 3 copolymers is considerably higher than the heat resistance of VC-VPO 1 binary copolymers. Moreover, it is comparable with the heat resistance of VC-VPO 1 -BVE ternary copolymers ( Table 1) .
In contrast to the VC-VPO 1 system, in the VC-VPO 2 and VC-VPO 3 systems an increase in the proportion of VPO in the copolymers lowers the heat resistance slightly. It seems that, with increase in the length of the side substituent, there is an enhancement of the development of degradative processes occurring with the participation of VPO and characteristic of polyalkyl vinyl ethers in the 250°C region.
The high heat resistance and heat stability of copolymers enable them to be used as stabilisers or costabilisers of PVC degradation along with the traditionally used calcium and barium stearates.
CONCLUSIONS
Thus, it has been established that the copolymers synthesised possess greater thermo-oxidative stability by comparison with PVC, and also make it possible to lower (or eliminate entirely) the content of toxic and expensive stabilisers in the composites. 
